This paper examines reactions in the Ukrainian stock market to force majeure events, which are divided into four groups: economic force majeure, social force majeure, terrorist acts, natural and technological disasters. More specifically, using daily data for the main Ukrainian stock market index (namely PFTS) over the period from January 1, to December 31, 2018 this study investigates whether or not force majeure events create (temporary) inefficiencies and there exist profitable trading strategies based on exploiting them. For this purpose, cumulative abnormal returns and trading simulation approaches are used in addition to Student's t-tests. The results suggest that the Ukrainian stock market absorbs new information rather fast. Negative returns in most cases are observed only on the day of the event. The only exception is technological disasters, the market needing up to ten days to react fully in this case. Despite the presence of a detectable pattern in price behavior after force majeure events (namely, a price decrease on the day of the event) no profitable trading strategies based on it are found as their outcomes do not differ from those generated by random trading.
INTRODUCTION
The Efficient Market Hypothesis EMH (see Fama, 1970 ) is still the dominant theoretical paradigm for understanding the behavior of asset markets. However, the empirical literature has provided plenty of evidence that is inconsistent with market efficiency in the form of various anomalies (including calendar and size ones), over-reactions and under-reactions, persistence, fat tails in the distribution of asset returns, etc. One possible explanation for (temporary) inefficiencies is the arrival of unexpected new information, whilst earnings announcements are normally scheduled and therefore markets are ready to react to them (Foster, 1973; Chambers & Penman, 1984; Falk & Levy, 1989 ; Lonie et al., 1996; Cready & Gurun, 2010; Syed & Bajwa, 2018, etc.), force majeure events (such as technological and natural disasters, terrorist acts, unexpected economic events, etc.) are by their nature unpredictable and could have a significant impact on stock markets, especially in the case of major shocks such as the 9/11 attacks in the US or the result of the Brexit referendum. This paper analyzes the specific case of the Ukrainian stock market with the aim of investigating whether or not force majeure events create (temporary) inefficiencies and there exist profitable trading strategies based on exploiting them. For this purpose, cumulative abnormal returns and trading simulation approaches are used in addition to Student's t-tests. The analysis is carried out for four different types of force majeure events: economic force majeure, social force majeure, terrorist acts, natural and technological disasters.
The layout of the paper is the following: section 1 contains a brief literature review, section 2 describes the data and methodology, section 3 presents the empirical results, final section provides some concluding remarks.
LITERATURE REVIEW
Event studies are often carried out to examine the impact of some specific events on stock markets (Ball & Brown, 1968; Fama et al., 1969; MacKinlay, 1997; de Jong et al., 1992; Corrado, 2011) . A lot of papers focus on earning announcements on market variables (Falk & Levy, 1989; Cready & Gurun, 2010; Syed & Bajwa, 2018) . Other studies analyze instead the effects of dividend announcements (Lonie et al., 1996) , earnings per share announcements (Foster, 1973) , earnings announcements through timeliness of reporting disclosure (Chambers & Penman, 1984) .
Force majeure events are unexpected and therefore cannot be incorporated into asset prices in advance. As a result, they could create conditions for obtaining abnormal profits until the new information has been completely absorbed by market participants. In addition to the traditional list of natural disasters (floods, earthquakes, hurricanes), social, military and political events (terrorist attacks, mass riots, protest actions), technological and aviation accidents, some economic events (such as unexpected bankruptcies of companies and financial institutions, cyberattacks to the commercial sector, etc.) can also be considered as force majeure events. Additional studies considered the impact of various force majeure events. Hanabusa (2010) showed that the 9/11 terrorist attacks had a significant effect on the stock prices of Japanese companies, whilst the Iraq War and Hurricane Katrina did not. Baker and Bloom (2013) used a panel including stock prices and volatilities for 60 countries over the period 1970-2012 to investigate the impact of natural disasters, terrorist attacks and unexpected political shocks on economic growth through stock market proxies. Tavor and Teitler-Regev (2019) examined 344 significant effects of natural disasters, artificial disasters and terrorism on the stock market using the Pessimism Index. Karolyi and Martell (2010) compared stock market reactions to 77 terrorist attacks with those to extreme events such as financial crashes (4) and natural catastrophes (19). Below we also consider a variety of unexpected force majeure events to assess their impact on the Ukrainian stock market in particular.
DATA AND METHODOLOGY
The Ukrainian stock market index, namely the PFTS, is used for the empirical analysis. The sample period goes from January 1, 1997 to December 31, 2018. The frequency is daily. As already mentioned, force majeure events are divided into four categories: economic, technological and natural disasters, terrorist acts in Ukraine during 1997-2018. A full list of force majeure events and their description is provided in Appendices A-D.
The following hypotheses are then tested:
H1: Force majeure events create temporary inefficiencies in the Ukrainian stock market.
H2: Trading strategies based on force majeure events can generate abnormal profits.
To test them, we use the following methods:
• cumulative abnormal returns approach; • Student's t-tests;
• trading simulation approach.
The cumulative abnormal returns approach is based on MacKinlay (1997) and is standard for event studies. Abnormal returns are defined as follows:
where t R is the daily return of the PFTS index over the period t and ( ) t ER is the average return over the sample period.
Returns t R are computed as follows:
where i R are returns on the і-th day in %, ( ) 1 
1
,
where T is the sample size.
The mean abnormal return corresponding to force majeure events on day α denoted as ARα is the sum of the individual abnormal returns on that day divided by the number of force majeure events:
where N is the number of force majeure events.
The cumulative abnormal return for the PFTS index from day to day denoted as ( ) These abnormal returns are cumulated over 1, 2, 3, 5, and 10 days following the force majeure event considered by adding them up over these periods. Negative cumulative abnormal returns are evidence in favor of Hypothesis 1.
Parametric t-tests are also carried out for Hypothesis 1. The Null Hypothesis (H0) is that the data (returns after force majeure events and over the full sample) belong to the same population, a rejection of the null suggesting the presence of a statistical anomaly in the price behavior after force majeure events. The test is carried out at the 95% confidence level, and the degrees of freedom are 1 N − (N being equal to N 1 + N 2 ).
To test H2, a trading strategy based on force majeure events is used to establish whether or not it can generate abnormal profits. The trading simulation approach replicates the actions of the trader according to a given algorithm. In this particular case, the algorithm is the following: open a short position in the Ukrainian stock market right after the force majeure event and hold it for a specific period of time.
The percentage result of the individual deal is computed as follows:
where open P -opening price, close P -closing price.
The sum of the results from each deal is the total financial result of trading. A strategy producing positive total profits implies that there exists an exploitable market anomaly.
Another important indicator of trading strategy efficiency is the percentage of successful trades:
% successful trades 100% number of successful trades , overall number of trades
To check the statistical difference of the results from random ones, t-tests are used. They compare the means from two samples to establish whether or not they come from the same population. The first sample consists of the trading results based on Hypothesis 2, and the second one of random trading results.
If there are statistically significant differences, it is concluded that trading strategy really generate abnormal profits. Otherwise there are no advantages from exploiting this strategy.
It should be mentioned that the trading simulation approach used in this paper does not incorporate transaction costs (spread, fees to the broker or bank, swaps, etc.).
EMPIRICAL RESULTS
Descriptive statistics for the PFST returns over the period of analysis are provided in Table 1 . The series is rather volatile, as indicated by the size of standard deviation and minimum/maximum values; its mean return is consistent with random walk behavior. First we calculate the cumulative abnormal returns in the case of economic force majeure events; the results are reported in Table 2 . As can be seen, there appears to be a negative reaction of the stock market only on the day of the event, when cumulative abnormal returns, as well as mean abnormal returns, are negative. Over longer time horizons (2, 5 and 10 days after force majeure event), there is no evidence of a market drop.
To establish whether the effect of economic force majeure events is statistically significant, t-tests are carried out (see Table 3 ). The Null Hypothesis is not rejected, which implies that the behavior of returns after economic force majeure events does not statistically differ from their usual one.
As for Hypothesis 2, Table 2 indicates a market drop only on the day of the event, but the size of returns is not statistically different from the average returns over the whole sample period. Nevertheless, we simulate the action of a trader for this case and obtain the results reported in Table 4 . As can be seen, the percentage of successful trades is 50% and profit per trade are close to the average return for the full sample, which suggests that these results do not differ from the random ones. As a further check a t-test is carried out (see Table 5 ), which again leads to the same conclusion. Therefore, there is no evidence of abnormal profits based on exploiting the occurrence of economic force majeure events. The results of the cumulative abnormal returns approach for the case of social force majeure and terrorist acts in Ukraine during the period 1991-2018 are presented in Table 6 . The results are very similar to those for the economic force majeure events: negative returns are observed only on the day of event (not for any other time horizon). The t-test results are presented in Table 7 . The Null Hypothesis is not rejected in any case, i.e. the behavior of returns after social force majeure and terrorist acts does not statistically differ from the usual one.
To test Hypothesis 2, the time horizon 1 α = is used (this is the only case when a negative reaction was observed). The results are presented in Table 8 . There is a high percentage of successful trades, namely 75%, but profit per trade is close to the mean return, which is evidence in favor of the randomness of the results. A t-test confirms that there are no statistical differences between these trading results and those from random trading, i.e. Hypothesis 2 is rejected. The results of the cumulative abnormal returns approach for the case of natural disasters are presented in Table 10 . As in the previous cases (economic force majeure and social force majors/terrorist acts), Hypothesis 1 is not rejected only for the day of the force majeure event, whilst there is no evidence of negative returns for any other time horizons. A t-test indicates that H1 is rejected even for 1 α = (see Table 11 ). The results of the trading strategy for 1 α = are presented in Table 12 . Only 25% of the trades are successful, and profit per trade is less than the mean return. The t-test statistics implies that these results are not statistically different from the random ones (see Table 13 ). Finally, the results of the cumulative abnormal returns approach in the case of technological disasters are displayed in Table 14 . In this case, unlike the previous ones, there is no pattern in price behavior on the day of the event, and the longer the time horizon the higher cumulative abnormal returns are. To see whether the detected differences in returns are statistically significant a t-test is again performed (see Table 15 ). The null hypothesis is rejected only for the case of 10. α = To find out whether this abnormal behavior provides opportunities to "beat the market" a trading simulation approach is used once more. The results for the time horizon 10 α = are shown in Table 16 . The number of successful trades is close to the 60% and profit per trade is three times higher than the average return. However, the t-test statistic (see Table 17 ) implies that these results are not statistically different from the random ones. The results of the tests for the Hypothesis 1 and 2 are summarized in Tables 18 and 19 , respectively. Technological disasters -+/-+/-+/-+ Note: * "+" -Hypothesis 1 is confirmed and differences are statistically significant; "+/-" -Hypothesis 1 is not rejected but differences are not statistically significant; "-" -Hypothesis 1 is rejected. Economic force majeure +/-----Social force majeure and terrorist acts
Note: * "+" -Hypothesis 2 is not rejected and results differ from random ones; "+/-" -Hypothesis 2 is not rejected but results do not differ from random ones; "-" -Hypothesis 2 is rejected.
CONCLUSION
This paper examines price behavior in the Ukrainian stock market after four types of force majeure events (economic force majeure, social force majeure, terrorist acts, natural and technological disasters. Using daily data for the PFTS index (the main index of the Ukrainian stock market) for the period from January 1, 1997 to December 31, 2018 two different hypotheses are tested: force majeure events create temporary inefficiencies in the Ukrainian stock market (H1), and trading strategies based on force majeure events can generate abnormal profits (H2). For this purpose, a variety of methods are used, including cumulative abnormal returns and trading simulation approaches, as well as Student's t-tests.
On the whole, it appears that the Ukrainian stock market absorbs new information rather fast. Negative returns in most cases are observed only on the day of the event. The behavior of returns on other days shows no sign of abnormality. The only exception is technological disasters, possibly because it is harder for agents to evaluate their consequences and incorporate them into stock prices.
Further, the trading simulation analysis implies that, despite the presence of a specific pattern in price behavior after force majeure events (namely a decrease on the day of the event), it is not possible to devise trading strategies exploiting it that generate abnormal profits: the results from apparently successful strategies are not statistically different from the random trading ones. Bankruptcy of "PlatinumBank" Due to insufficient level of capital, the bank is declared as bankrupt, the amount of losses of state-owned enterprises -clients of the bank is 500 million UAH January 11, 2017 "Petya" virus attack
Due to the large-scale virus cyberattacking through the software of M.E.Doc. installed on 1 million computers, the estimated losses for the Ukrainian economy are 0.5% of GDP. The largest enterprises and institutions of Ukraine were the Boryspil airport, Ukrtelecom, Ukrposhta, Oschadbank, Ukrzaliznytsya and others June 27, 2017
Bankruptcy of insurance company "Dominanta"
Due to the insolvency of the company included in the 10 largest insurance companies of Ukraine, outstanding obligations to customers remain at the amount of UAH 98 million, 300 thousand of civil liability laws remained unprotected August 12, 2018 Bankruptcy of PJSC "Black Sea Shipbuilding Plant"
According to the court decision PJSC "Black Sea Shipbuilding Plant", the largest enterprise in Ukraine and Europe, which was founded in 1897, was declared bankrupt after unsuccessful and lengthy sanation procedures July 4, 2018 Due to the heavy rains of the Tisza, Borzhava, Latoritsa and others, rivers came out of the coast and flooded 120 settlements. 350 thousand people were recognized as flood victims, 17 people died, 20 thousand people were resettled, 40793 were flooded, the amount of losses exceeded 820 million UAH. On November 7, 1998 the territory of the oblast was declared a zone of emergency ecological situation Explosions of artillery shells in the warehouses of the military unit A-2985 with Novobohdanivka, Zaporizhzhia region
APPENDIX B
As a result of the explosions of shells, 90 thousand tons of munitions ("Grad", "Smerch" and "Hurricane") were destroyed and 1.5 thousand people were evacuated, 5 people died, 81 persons were traumatized by various degrees of severity, 22 houses were destroyed May 6, 2004 
